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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
waveguide device capable of arranging micro- lenses on 
the position opposite to an end surface of an optical 

waveguide with a minute pitch. f° 



the optical waveguide 16b and a polymer sheet 16c and 
an outgoing side micro-lens array 17. The photodetector 
14 is constituted so as to consist of a light receiving 
element being a CCD and a boxy package arranging the 
light receiving element on its bottom part and opening its 
opposite part. 
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constituted of an optical waveguide array 16 constituted 
of an incident side micro-lens array 15, a substrate 16a, 



SOLUTION: An optical scanner is constituted of a light 
emission diode array, the optical waveguide device 13 
and a photodetector 14. The optical waveguid 13 is 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]An optical waveguide device comprising: 
Two or more arranged optical waveguides. 

Two or more micro lenses formed by carrying out adhesion arrangement of the photosensitive 
polymer material to which a refractive index is changed in response to a specific light in the 
end face of this optical waveguide, and irradiating with said specific light from said optical 
waveguide. 

[Claim 2]By carrying out adhesion arrangement of the photosensitive polymer material from 
which a refractive index is changed to the end face of two or more arranged optical 
waveguides in response to a specific light, and irradiating with said specific light via said 
optical waveguide, A manufacturing method of an optical waveguide device including a 
process of forming two or more micro lenses corresponding to each position of two or more of 
said optical waveguides. 
[Claim 3]An optical scanner comprising: 
Two or more arranged optical waveguides. 

To two or more micro lenses formed by carrying out adhesion arrangement of the 
photosensitive polymer material from which a refractive index is changed to the end face of 
this optical waveguide in response to a specific light, and irradiating with said specific light from 
said optical waveguide, and this micro lens, by non-contact. A photo detector which light which 
outputted said optical waveguide has arranged in a range condensed with a micro lens. 

[Claim 4]The optical scanner according to claim 3 which is provided with the following and 
characterized by carrying out seal adhesion of the opening of said package at said substrate. 
A substrate which carries out arrangement maintenance of said optical waveguide. 
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A box-like package which arranges a photo detector at the pars basilaris ossis occipitalis and 
in which the opposing part is carrying out the opening to it. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]Especially this invention is suitable for a computer input, an optical bar 
code reader, a facsimile machine, etc. about the optical waveguide device with which this 
invention was provided with the optical waveguide and the micro lens, its manufacturing 
method, and an optical scanner. 
[0002] 

[Description of the Prior Art]ln recent years, in a computer input, an optical bar code reader, a 
facsimile machine, etc., the catoptric light from a text or a figure which is a subject of a 
manuscript etc. is scanned sequentially and detected using an optical scanner, and it has 
changed into the data signal. 

[0003] Drawing 4 is an important section lineblock diagram showing an example of the 
conventional optical scanner. 

(A) is the perspective view and (B) is the sectional view. 
This optical scanner is indicated by JP,7-30716,A. 

They are the light guide array 101 formed in array form, and the composition which consists of 
the photo sensor 102. 

The light guide array 101 consists of the optical waveguide 103, the clad part 104, the 
undersurface cladding layer 105 for forming the optical waveguide 103, and the upper surface 
cladding layer 106. The photo sensor 102 consists of charge coupled devices (it is called CCD 
for short below), for example. 

[0004]The light guide array 101 is created as follows. On the undersurface cladding layer 105, 
the film which consists of photosensitive polymer is formed, it irradiates with ultraviolet rays 
through a photo mask, the refractive index of irradiation portions is made high, and the optical 
waveguide 103 is formed. The portion with which ultraviolet rays are not irradiated serves as 
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the clad part 104. Moreover, the upper surface cladding layer 106 is formed. 
[0005]The photo sensor 102 is mounted as follows. The photo sensor 102 is stuck to the end 
face of the light guide array 101, and it covers with the ultraviolet curing resin 107 for 
immobilization and protection. 

[0006]The optical waveguide 103 narrows the window pitch by the side of outgoing radiation to 
the window pitch by the side of incidence of an image, and is arranged and formed in the 
flabellate form. Therefore, the picture acquired from a manuscript is reduced and it can glare 
on a photo sensor side shorter than the width of a manuscript. 
[0007] 

[Problem(s) to be Solved by the InventionJHowever, by the method which carries out direct 
attachment of an optical waveguide like before at photo sensors, such as CCD, a photo sensor 
tended to receive damage and there was a problem that sensitivity fell easily. Therefore, 
although it is more desirable for photo sensors to be an optical waveguide and non-contact, if it 
only separates from an optical waveguide and a photo sensor is installed, light will diffuse and 
the detection ratio of a photo sensor will fall. Then, although it is possible to form the lens for 
condensing the light which emitted the optical waveguide, and to make a photo sensor non- 
contact, if the light which emitted the optical waveguide with the big lens is condensed by 
package, it has the distance to an optical waveguide and a lens, and light will diffuse in the 
meantime. Although what is necessary is just to have arranged the lens for every optical 
waveguide, when forming by the art of etching glass, for example, the limit formed the lens 
diameter between 20 micrometers - 40 micrometers, and processing of the minute pitch was 
usually difficult. 

[0008]The purpose of this invention is to provide an optical waveguide device which can 
arrange a micro lens in the position which countered the end face of the optical waveguide of a 
minute pitch, and a manufacturing method for the same. Other purposes are not to damage a 
photodetector without contacting a photodetector to an optical waveguide, and for assembly 
nature to provide a good optical scanner. 
[0009] 

[Means for Solving the Problem]An invention of claim 1 carries out adhesion arrangement of 
the photosensitive polymer material from which a refractive index is changed to two or more 
arranged optical waveguides and the end face of this optical waveguide in response to a 
specific light, It is an optical waveguide device provided with two or more micro lenses formed 
by irradiating with said specific light from said optical waveguide. 

[0010]By an invention of claim 2 carrying out adhesion arrangement of the photosensitive 
polymer material from which a refractive index is changed to the end face of two or more 
arranged optical waveguides in response to a specific light, and irradiating with said specific 
light via said optical waveguide, It is a manufacturing method of an optical waveguide device 
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including a process of forming two or more micro lenses corresponding to each position of two 
or more of said optical waveguides. 

[0011]An invention of claim 3 carries out adhesion arrangement of the photosensitive polymer 
material from which a refractive index is changed to two or more arranged optical waveguides 
and the end face of this optical waveguide in response to a specific light, It is an optical 
scanner provided with two or more micro lenses formed by irradiating with said specific light 
from said optical waveguide, and a photo detector which light which is non-contact and 
outputted said optical waveguide to this micro lens has arranged in a range condensed with a 
micro lens. 

[0012]An invention of claim 4 is the optical scanner according to claim 3, is provided with a 
box-like package which a substrate which carries out arrangement maintenance, and an end 
part carried out the opening of said optical waveguide, and has arranged said photo detector 
inside, and carries out seal adhesion of the opening of said package at said substrate. 
[0013]ln an invention of claim 1, adhesion arrangement of the photosensitive polymer material 
to which a refractive index is changed in response to a specific light in the end face of an 
optical waveguide is carried out, and a micro lens can be formed by irradiating with said 
specific light from said optical waveguide. A micro lens can be automatically formed in a 
position which countered an optical waveguide end face of a minute pitch. 
[0014]By carrying out adhesion arrangement of the photosensitive polymer material from which 
a refractive index is changed to the end face of two or more arranged optical waveguides in 
response to a specific light in an invention of claim 2, and irradiating with said specific light via 
said optical waveguide, Since a process of forming two or more micro lenses corresponding to 
each position of two or more of said optical waveguides is performed, alignment of very highly 
precise optical waveguide and micro lens can be made unnecessary. 
[0015]in an invention of claim 3, since light which outputted said optical waveguide to a micro 
lens by non-contact arranges a photo detector in a range condensed with a micro lens in 
addition to an optical waveguide of claim 1 , it does not hit the end face of an optical 
waveguide, and a photo detector is not come out of and damaged. 

[0016]Since a photo detector is arranged at the pars basilaris ossis occipitalis of packaging of 
a photodetector in an invention of claim 4 when joining an optical waveguide to a 
photodetector, to a substrate an opening of a package by carrying out seal adhesion, A photo 
detector can be arranged to a condensing position in the non-contact state to a light guide 
array, and it can assemble easily. 
[0017] 

[Embodiment of the lnvention]Hereafter, it explains, referring to drawings for an embodiment of 
the invention. Drawing 1 is a perspective view showing one embodiment of the optical scanner 
concerning this invention. This optical scanner is composition which serves as the light 
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emitting diode (it is called LED for short below) array 12 and the optical waveguide device 13 
from the photodetector 14. 

[001 81 Drawing 2 is an assembly perspective view of an optical waveguide device and a 
photodetector, and drawing 3 is the sectional view which cut drawing 2 by A -A . The optical 

waveguide device 13 consists of the incidence side microlens array 15, the light guide array 16 
which consists of the substrate 16a, the optical waveguide 16b, and the polymer board 16c (1- 
mm thickness), and the outgoing radiation side microlens array 17. The photodetector 14 is 
composition which consists of the box-like package 14b which arranges the photo detector 14a 
which is CCD, and the photo detector 14a at the pars basilaris ossis occipitalis, and in which 
the opposing part is carrying out the opening. That is, this photodetector 14 is a linear type 
CCD sensor which has arranged CCD to the horizontal single tier. 

[0019]This scanner irradiates the subject 11 of a manuscript etc. by LED array 12 which is a 
light source, and that catoptric light enters into the incidence side microlens array 15. Each 
micro lens doubles a focus with a single image pixel. Each micro lens of the incidence side 
microlens array 15 condenses the light from the subject 1 1 to the input end face formed in the 
end face of the light guide array 1 6. The light from the single horizontal part of the subject 1 1 is 
transmitted through the light guide array 16, and enters into the photodetector 14. The whole 
subject is scanned by the subject's 1 1 carrying out horizontal migration at right angles to the 
arrangement direction of the incidence side microlens array 15, or the incidence side microlens 
array's 15 carrying out horizontal migration at right angles to the arrangement direction, and 
scanning each horizon of an image repeatedly. 

[0020]The resolution of the image scanned is determined by the size and the pitch of the 
incidence side microlens array 15 and the light guide array 16 in this level surface. In G3 type 
facsimile machine, although the resolution of 200dpi (a dot/inch) is needed, this resolution is 
equivalent to 125 micrometers in the path of the incidence side micro lens 15, and the pitch of 
the incidence side micro lens 15 and the optical waveguide 16b. On the other hand, the pitch 
of the light guide array 16 of an output side and the pitch of the outgoing radiation side 
microlens array 17 are correctly in agreement with the pitch of the detection pixel (pixel) in the 
photodetector 14. Generally this is in the range of 7 to 20 micrometers. 
[0021]Now, the optical waveguide device of this optical scanner is explained in full detail. The 
flat-surface type optical waveguide formed in the light guide array 16 is manufactured by 
various methods. As a polymeric material for optical waveguides of this embodiment, the 
substance called "ARTON" (made by Japan Synthetic Rubber Co., Ltd.) can be used, for example. 
While this substance has a good optical property especially, it has a high resistance to 
environment and a refractive index is 1 .51 1 to light with a wavelength of 570 nm. 
[0022]First, the substrate which includes the slot for optical waveguide formation on the 
surface is made by injection molding using "ARTON." This slot is formed in the portion of the 
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optical waveguide 16b shown in drawing 2 . And the core material which constitutes an optical 
waveguide is opened on the field of this substrate, and a slot is filled up with it. This core 
material mixes the dimethyl carbonate (dimethyl caronate) based on the substance called 
RAV7 HI (product made from MITEKKUSU, Inc.), and dimethyl isophthalate (diallyl 
isophthalate) at a rate of 1:1.4. By combining these two substances, the refractive index of 
core material can be changed and, so, the numerical aperture of the optical waveguide 16b 
can be changed. For example, in the case of the rate of 1:1.4, a numerical aperture is set to 
0.2. By covering and fixing on the substrate filled up with core material, and neglecting in oven 
the sheet currently formed by "ARTON" at 85 ** for 8 hours, core material is polymerized and 
the substrate 16a and the sheet 16c are pasted up. 

[0023]The pattern of an optical waveguide is specified in this process by the slot formed in the 
substrate of polymer. The material which fills a slot has a refractive index higher than a 
polymer board, and it is chosen so that the slot with which it filled up may serve as an optical 
waveguide. By injection molding, it becomes possible to mass-produce with a low price, and 
can apply also to a comparatively large-sized device easily. 

[0024]The incidence side microlens array 15 is formed of the reaction ion etching of the ionic 
diffusion in glass, or glass, for example, and with optical epoxy etc., the incidence side edge of 
the light guide array 16 is made to correspond to the optical waveguide 16b, and it is attached 
to it. 

[0025]ln the outgoing end side of the light guide array 16, optical finishing is made by the 
conventional polishing technique. This art is ground using alumina suspension and flattening is 
carried out to the size of 0.1 micrometer. 

[0026]The sheet 17a with a thickness of about 25 micrometers which consists of 
photosensitive polymer is stuck to the output side end surface of this light guide array 16, and 
a micro lens is formed by irradiating with a specific light from the optical waveguide 16b. 
[0027]This photosensitive polymer should just be photosensitive polymer which a refractive 
index increases after UV irradiation here, For example, To "Low Loss Channel Waveguides in 
Polymers, B.L Booth, Journal of Lightwave Technology,7(1989)1445-1453." The substance 
called "the poly guide (Polyguide)" which is a polymeric material for photoconductions as 
shown can be used. As for this substance, the non-reacting monomer and the optical start 
molecule are contained in the polymer base of cellulose-acetate-butylate (cellulose acetate 
butylate). At the time of UV irradiation, a monomer spreads and polymerizes in an exposed 
part and fixes to polymer. This diffusion extent is variously controllable by temperature, time, 
energy, power, and oxygen. Therefore, when a monomer polymerizes, the portion of a high 
refractive index is made as the result, and it controls so that a desired optical property is 
obtained as a lens. 

[0028]Then, the photosensitive polymer sheet 17a is exposed by entering ultraviolet rays from 
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the incidence side edge of the light guide array 16. At this time, the refractive index of 
irradiation portions changes with the beam outlines of ultraviolet rays and the process 
variables of exposure time and others which act as Idemitsu from an optical waveguide. Since 
especially the luminous intensity outputted from the optical waveguide becomes close to 
Gaussian distribution, the refractive index of the irradiation portions of such a polymer sheet 
17a also serves as this distribution, and the micro lens 17b which is a convex lens is formed. In 
this way, if ultraviolet rays are inputted into each optical waveguide, the micro lens of a minute 
pitch will be automatically formed in the position corresponding to the outgoing end side of the 
optical waveguide 16b. 

[0029]ln order to stabilize a photosensitive polymer sheet, UV irradiation is performed to the 
whole polymer sheet, and all the remaining monomer molecules in a sheet are polymerized. All 
the process variables are controlled to become the refractive index distribution from which the 
optical property of a desired lens is obtained. 

[0030]Specifically, the "poly guide" of 25-micrometer thickness is started in the same size as 
the outgoing end side of the light guide array 16. A protective film is removed and the 
photosensitive polymer sheet 17a is stuck to the outgoing end side of the light guide array 16. 
Combining 450-nm ultraviolet rays with the input screen of the optical waveguide 16b, 
ultraviolet rays pass along an optical waveguide and reach the photosensitive polymer sheet 
17a. And it exposes and a refractive index is changed selectively. Exposure time is controlled 
carefully to be able to expose the photosensitive polymer sheet 17 by required light exposure 

60mJcm' 1 . By 4000mJcm" 1 , the photosensitive whole polymer sheet is fully exposed by 
ultraviolet rays, and is stabilized. In this way, the refractive index distribution of a 
photosensitive polymer sheet is fixed, and the outgoing radiation side microlens array 17 is 
formed. 

[0031]Although the "poly guide" is made into a thickness of about 25 micrometers, the 
thickness can be changed based on the characteristic of a waveguide, and the focal distance 
of the lens needed. Although irradiated with ultraviolet rays through a waveguide during the 
given time, exposure time is determined by like how the side and the optical property of a 
micro lens, i.e., a focal distance and a numerical aperture, are set up. Since each optical 
waveguide 16b has a difference in waveguide length, exposure time has a difference in 
absorption of ultraviolet rays. Then, in consideration of the difference of the ultraviolet 
absorption of each optical waveguide 16a, exposure time is controlled, respectively. 
[0032]Next, the output side end surface of the light guide array 16 is formed in the size to 
which the open end side of the package 14b of the photodetector 14 can contact the 
circumference of the outgoing radiation side microlens array 17 convex. The length from the 
opening of the package 14b to a pars basilaris ossis occipitalis is a size in which the light from 
the outgoing radiation side microlens array 17b is condensed by the photo detector 14a 
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installed in the pars basilaris ossis occipitalis in a detecting face. The open end side of the 
package 14b is made to contact the output side end surface of the light guide array 16, seal 
adhesion is carried out, and the outgoing radiation side microlens array 17 is accommodated in 
the inside of package 14b. The light from the outgoing radiation side microlens array 17b is 
condensed by the photo detector 14a installed in the package 14b pars basilaris ossis 
occipitalis in a detecting face. 

[0033]ln this way, when joining the light guide array 16 to the photodetector 14, since the photo 
detector 14a is arranged at the pars basilaris ossis occipitalis of the packaging 14b of the 
photodetector 14, the photo detector 14a can be easily assembled in the non-contact state to 
the light guide array 16. 

[0034]Although the case where an optical waveguide device was applied to an optical scanner 
was described here, it does not restrict to this. An optical waveguide device can be enough 
applied, also when combining with a sensor, other waveguide arrays, or other optical 
apparatuses another type. 
[0035] 

[Effect of the lnvention]Since a micro lens can be formed by carrying out adhesion 
arrangement of the photosensitive polymer material to which a refractive index is changed in 
response to a specific light in the end face of an optical waveguide, and irradiating with said 
specific light from said optical waveguide according to the invention of claim 1 , A micro lens 
can be automatically formed in the position which countered the optical waveguide end face of 
the minute pitch, and a processing assembly becomes very easy. 
[0036]By according to the invention of claim 2, carrying out adhesion arrangement of the 
photosensitive polymer material from which a refractive index is changed to the end face of 
two or more arranged optical waveguides in response to a specific light, and irradiating with 
said specific light via an optical waveguide, Since the process of forming two or more micro 
lenses corresponding to each position of two or more of said optical waveguides is performed, 
alignment of very highly precise optical waveguide and micro lens can be made unnecessary, 
and manufacture becomes easy. 

[0037]According to the invention of claim 3, since the light which outputted said optical 
waveguide to the micro lens by non-contact arranges a photo detector in the range condensed 
with a micro lens in addition to the optical waveguide of claim 1 , when a photo detector is not 
damaged in the end face of an optical waveguide and detection sensitivity is reduced, there 
are nothings. 

[0038]According to the invention of claim 4, when joining an optical waveguide to a 
photodetector, since the photo detector is arranged at the pars basilaris ossis occipitalis of the 
packaging of a photodetector, a photo detector can be easily assembled in the non-contact 
state to a light guide array. 
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DRAWINGS 



[Drawing 1] 



I3 




[Drawing 3] 
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[Drawing 4] 
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^Tt^sa c ticus ear j: c pj ^. t*^ 

\t. i->XSIi:2 0Mm-4 0Mm<3!>feTC».«r 
4oc- awwc* 0 . »*«c tr ^ ^JBitttrr* -7 
fc. 

[ 0 0 0 q } * ^(^>*»iasM> 

ffiBsssatx^ tttfftr ^ c i cc ^ ^> , * 
jfe^ms&iRS ^ * 4 c i < a&##& c wc* 

*BB«r«*T4CilC^4. 
[0009] 

[»B*Sfc*4fc»fl!>*«] HMmicMHia. se?4 

$ nfets»©36«»B t . m%*m*<rMmc#<zzv>lt 

(CSlturflK*«X(b2 tf 4!S#tetf »J -7 - ttH<:B 

CC J: 0 BA $ n ^fe&O"? 4>?0\'sXtt:mkhCt 

1 0 0 1 0 ] B3ftB24>»pit*. EWSnfetg8S©*# 
^CDHfflCC4*«^tCSltorS*T**2tfk3tf4ffl 

*tt^y ^-MM«r«sBBi/, pia^aat^uf 

BKfttjtftBH-r 4 C t IC J: 0 , BBWfe^BiaH 

(o-en-encoifigcc^onitH&o)-?^ u>x*b 
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3 

io oil] &rm3o>%mt, mi$ntc&n<vm 

?aS$B8^>%|5!a«^j!c:*Pg«f * C 4K J: 0 «fii*ftft 
gScr'-7 0uu>X4. 8^^^ui>XtL*gte 

t r «« diesis ■ ft. 

1 0 0 12] tt#B4*>ftW*, »*«3S*K)ft*S 

BSKCCftttft •* ft C 4 4 f fto 
[0013] §B#3g 1 MSn^feC'T. *«?!BSCfflB 

SiT*C4Kcfc0^ 9uis>X&}&ti,V*&. 

[o 014] sb*«2<p&wk*5^c. EMShfcm 
*ft, 

[ 0 0 1 5 ] ■*&3«W8W<:*^'C. S»*3» 1 ©*• 

[0 0 16] tt#M WSWKfct'C. #fcB»«:** 
ai!8*«£?ft«'&, #»WS©^*dr-s>>$r©j£» 
fc*#S*-*EE L* * ft , M 9 Jr- «*DHCHM: 

HfiecttMtfvr & c t tc j: o , *wa»r u -f «cat u 

[ 0 0 17] 

rBBftMRUatfMMflrft. Bit*. *#feWfc»ft 
£¥&eimtt. Jfc*y^*-K <WTLED4«6f* 

?ft> nwi £<t t juMHttKi 34, xwun 

4**fcftl**C*6. 

[0 0 18] B2I*. JWMHJAc^tHBCNtt 

»» Bra o . la 3 tira 2 * a , - a , x&m ofctMsa 
■cfc ft c #«£BS^g 1 3 t*, aim 7 * * a u > xr 

H 15, «Rl6a4ft«Riai6b4#y-?-«S 



(3) tfH¥9-269429 

4 

1 6 c ( lmmJf) *6&«*WiftH7U<f 1 6. ffiSi 
I*. CCDr*«**»*14a4. «3H»l4a* 
4r-t>l 4 bft»6«r44ta a Cfc4. tab*, c©** 

ffiBMii, ccDft»-WttHii/fcyiraccD 

[0019] CC*J^B«, BflEVatfMl 1 1«C, 
jUrc*4LEDrt"f 1 2icj:-3 , c*fcJI[ltU 
10 SH4WAIM-7 >DU>Xri/^15 K A«?ft. 

ttveno-? o a u >xtt, m-m*v$ t>um° 

&£fci*ft 0 Alffl-?<f »nU>X7l"f 1 h<D&*>4 
* U U >Xl*. 1 1 *&0**#W»B7 U ^ 1 

-?*Cfzi£Sn. «*ffi»l 4CCA*W"4. a**81 1* 

awh-* * □ u >xr u -< i s anen^Accttcc* 

¥&88l/, *>^^ii, A««^^^ni/>Xri/^l 5 

[ o o 2 o ] c©**a(ciai*r, 4S*n4»©j»« 
AIM^^ » o u>xr l 5Stf*«iS»7 
H 1 6WX<te-;f 4tCj:-?XS%S$n4 # G3 
a?7»!/«VNi?tt. 200dpi KYvY/As 
?■) ©»«K^*4dn4^ COMMttt. A8*$J 
■?Odu>X15 oaStVAtM^ Y > a u> X l 5 
4««MK1 6b4oe?^ri 25fimictBSr&. 

-* . tHAflK>«wfMS7u^ i eotf ? ^a^uawi 

[0 02 1 ] Cfl>*^3S;*S£SB«>*WS»«S 

tc^^r^iir^o *«attru^ i 6 tenons ti*¥ 

&tfflmojt%i^m#»v~ffl$£Lx\t, mux* 
far ton j (B-*i$ft^Mtt£&n) twmz 
nmtWBtictifiv**. commit, Gtcmu 

**WtftWT44 4fe«:. »i*»aa«t&wu. 

40 7 0 n m<2&&G>£K*U/, 1 . 5 11 *CA4 0 

[0022] *r, FAR TON J Sffi^r, 
®fiH^»**iicc:dCrSfi*i*lflfi£»tc J: ft. 
c©*!*, asecft-rjiwaisi e bcM»icKasn 
r^fto *t*6j^tMt*3r«t. 
S(8®B±cci£tf, ttccAWfft, C©a7«?B«» R 
A V 7 Hi < 5^^^^«a?*tt8!) 4J:«Mft*a 
«rg*4 i/fcftBft><»r (dimethyl caronaxe ) 4, 
^VP^.'US^>*'l/(cJiallvl i soph thai ate) 4^ 1 ; 

i. 4©a^-c^ofe4>c5t?*ft. cne>2occ«s9e 

50 *S**b1*ftC4X'', 3 7«««««***itftC4 
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t4*Cft*. FUl*, 1:1. 4 HOSt 

4. 

CO 02 3] c©*afc*fcfci-r*«tt^<*--> 

4. WBj«wcj:-7-c, tt»tette4fi?4cw*pj 
■c*4 0 

[0024] Mib^i^au>A7 H 1 54*. BA 

? ?cc J: 9«S^ti. jfcxtf* ^tcj: yC*« 
&B871W 1 6®Atf0MBc£W8ni 6 bfcttfc* 
tfCBOIW*. 

[ 0 0 2 5 ] ***B7 H 1 6 (Da /jttffltt. ft&tf) 20 
7*5*»BB*Bi-T:ffl6u o. i umWMX* 

[ 0 0 2 6 3 C ©*»5fil87 IW16 afrbflWBCCB 
^tt^U^^6v^^£5iiin(DJM5^>-h 17a 

«bbb 1 6 b*MHEa**BBT«c 

t(C £ Q -? o □ u >X*»JIW4. 

[ o o 2 7 ] c c t\ coMit* i» it, mnm 

MOM. ®«$^ftlt'^®3feJ4*»J-7--l?*n«J: 
< . Pl£l£, "Low Loss Channel Wavsqulfes 1n R>lvro 30 
ers f B,L Booth, Journal of Li qh wave Technoloci/,7 
(1989)1445-1453^ tC*<? JVCl-4 £ 5 M 

■*-WC** r#y#-/ k (Po l ypu i de) j 

a-^T-br- — h (cellulose acetate butv 
late) 4>#y-?-£tt£. #Sl6-€y-7-ijlSltt»-¥- 

jwtsnrt**. ftyttMittrtc, *</-*-*sb*b» 
icttiku, stau #y-7-ccBtr4. c aulas* 

It. fitt. BB. x*il*"-, BStdcfcortt 

i«:aisrc*4. *y-?-#a£i*fc£e, * 40 
^isai t L/ xwtt*aMfmv * i<>xtb x%m 

[ 0 0 2 8 ] « C T, *Wifi»r W 1 6 OAWWSB 

- H 7 a *Sftr 4„ C©± *, *B»B*>*>ai#T 
48W<Db'-A&#, B*§SB4*©ft©^o-b^5t 

•kaq. BW»*M>n*r*#stftr4. B«c. «bk 

a^6lll^0fc*«»Jfti*. a 4«0 



KH79-269429 
5 

7b*®.»SSn4 0 C^t/C, #*Ba»(C*»«*A 

Arm*, iMncc*£BHi 6 b©awaffl<c«i6Li 

fettBCCB** *e U>*MW4h*Ct 
K&4. 

[ 0 0 2 9] &£t*tf 'J •?-?/- r *3«(fc* 4fc», 

s^c^4^/-?-»^r^rs^r4o arB©^ 

«>^o-bAS:»€«air4«fc / >K:f4. 
[ 0 0 3 0 ] £f*ffjtcti. 2 5 a mm<D r tf u #«/ K j 

**B8Wri/-r ! 6«E«B«»BfcHi;*-fx«:iB*j|ii 

7 a *#*?lBB7U<f 1 6C0ffl*eifii«*#$^4. 4 

5 o \\iti<&)k9\&&ytmm& 1 6 b<o\tiwcte£2 
it. si»Wtt*-wift8S*a->t:, «*tt#y-*-s^ 
I7atiiiif4. -c-L/tr. a*i/r»»«tcBirr*«:S 
*4. 8«KBtiE«BttB«S6 0 m j c or'-CSttft 

17*8frC&4J:*&SB<Bff3tl 

0 o om J c m-'r+oicBjfcan. $«[k$n4. c 

*t/C, «*tt5t«y-7-^-h©JBilT*»TC*B5Efk 
U ffl«B^ODU>X7U4l7*Bjjtr4. 
[003 1] r# y #4 K J lift 2 5 ft mOBS t OX 
1***1, WSB0)«tt&slZ«i3n4U> 
X©««ffi*BCS^^r«ST4 C 4^«6r*4. » 
?fB«#^ 6tift:HSBOB . «%B£ i§ U fJWH 5 n4 

ilMMEB&BDB«£^a>J: 5KB*r43>*r« 
5E<?tt4o fi«BKBl 8 bltBm»dtcBi^»& 
(O-C. B*BWt*«^»©««iC^«:«r4 0 *CT, 
MBiSB 1 8 a«>»^W«iR«>s«:*Bl/T<nen 

[ 0 0 3 2 ] *«S5S7 u ^ 1 6CDffi^TO® 

it. mm^ 4*u\'^x7\"<\i <om® tc^^as 

1 4 CC" < ? ir - *J* 1 4 I) ©HPttB^^t? » 4 If ^ X 

cc. lattccwanri**, jr-^MbCDBQB 

^alBait 1 ©**!*:, ftWecSSt/fc**** 1 4 a 
tcW«ffl-7 ^ ^ o u > X7 u ^ 1 7 b * bCDdb^BBB 
CC^7t$n4^^$r*>4. .»(^>— *.>! 4 bCDBQB 
BtfiHBB7U^ l 6eUftMBBKB£8tf'Cftit 
®mi>. M^fr-^l 4b^Bccffl«ffl^^^DU>x 
7 u ^ 1 7 Crfttrr 4. ^ v «r-l> 1 4 D CWCBBO 
t&itTk* 1 4 a KiSaifliJ-^ ^ p u>X7 M17b 

**>«*w«aBK:»** n4 0 

[ 0 0 3 3 ] C 9 L/TjfefeaiS 1 4 K7fc«?i£&7 b ^ 1 

6 fitter 4VS. ftjftiiff 1 4 (O^ ^ ^ 1 4 
DClKBccS**-?- 1 4 a Si2Sl/'Cc»4^^. *»?fi 
§S7 i 6<ettUftXS? 1 4 a Zimt£<0tmx\ 
&mc&*&xZ¥T*>c£&v*&. 

[ 0 0 3 4] CCtC^gBS^gli. 7t#^7Eg^gCC 
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aft cnicmzhwitrj.^ % 
z. 

[ 0 0 3 5 ] 

KMT* C £ K * 0 4 * a u > X* Bf&V * * <£ t\ 
[ 0 0 3 6] IS*3f 2^£pK Jrntf. ffi?J£ft:to£fe 

r hTj lafc^ft* & c £ cc j: o . Hffgafc»©*&?s 
4 » □ u > x± aftg^btf t * c <t #-c * . 

[ 0 0 3 7 ] §g*3g3 CMSWC J:tl«. tfr*Jg 1 
<ra*L/fc*9^^*DU>XtCj:D»*dn*aBHCC 



(5) «B¥9-269429 

[ 0 0 3 8] S*f4«fiantf. MftUftKAW 
tea fcS* * EH U T l * 4 & & , jKVSSS r i x -f Kjtf i/ 

io [hi] *^«»&^«aHaic--iuw»**« 
[us] coo*^3j;**ttB©««tti»aa-c*&. 

[04 ] ( A ) atx ( B ) tt. «*©#£2£e*fiBfl> 
-pi| ft8H -C* 4„ 

1 1 

13 jfcS&B8&g 

14 mm 

20 15 A»Mi-?oau>x7H 

16 jfc*sfflB7H 

1? tMM?<r»au>xru4 




[033 



/ 



13 



15 



•6b 16c ,1* 



I7a 

r-r - 



16 16a 
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